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Only seven years ago the number of published experimental investigations on turbulence intensity and 
energy spectra in flowing liquids was less than ten. The development of the hot-film anemometer probe by 
Ling for use in water and the rapid improvements in electronic circuitry of constant temperature anemom­
eters had provided the first reliable and convenient means of measuring turbulence intensities in liquids.
Of course, the problems of electrolysis, evolving gas, deposition of salts, and fouling by dirt and lint were 
encountered, but these were relatively minor problems to be overcome. Subsequent investigations by Grant, 
Stewart and Moilliet, Gibson and Schwarz, Rosier and Bankoff, Brodkey and coworkers, Martin and Johanson 
and Patterson and Zakin were pioneering efforts to improve and extend Ling’s measurements of intensities 
and energy spectra with hot-film probes.
Since these initial efforts, many investigators have measured various aspects of turbulence using hot- 
film probes in liquids. The use of thin quartz coatings has nearly eliminated the problems mentioned above 
except for dirt and lint buildup. The recent application of laser and other technology to the study of turbu­
lent liquid flows has also led to a rapid increase in experimental investigations on liquid turbulence which 
do not use hot-film anemometrv. Many disciplines are represented in this study area and until now publi­
cations have been scattered through dozens of journals and reports, and presentations have been made at 
many different scientific meetings.
The Symposium on Turbulence Measurements in Liquids which was held at the University of Missouri- 
Rolla in September 1969 wras designed to bring together people of all disciplines interested in liquid turbu­
lence measurements. In formal presentations and informal conversations, new ideas, new techniques, new 
results, and new problem areas were discussed. The Proceedings include the formal presentations of 
research groups from five countries on various studies involving liquid turbulence.
A recent important development for measuring turbulence intensities and velocity profiles in flowing 
liquids is the laser doppler velocimeter. Three papers in the first session of these Proceedings report 
investigations of turbulence using this technique, which has the major advantage of not requiring a probe 
and hence of not disturbing the flow. However, as shown here by Lumley, it is inherently limited to low 
frequencies, and therefore low velocities, in measuring energy spectra. It also can be used only.in clear 
solutions and in transparent ducts. Other light transmission techniques are also reported - two papers on 
flow pattern observation techniques, one on the crossed-beam method of measuring density fluctuations in 
turbulent liquid flow's, and one on Brodkey’s mobile movie camera technique for studying the boundary layer 
(fourth session).
The results of turbulence measurements in Newtonian liquids were reported in the second session 
(plus the last paper of the fourth session). Most of these investigators used hot-film anemometry. It appears 
that for Newtonian fluids refinement in measuring equipment and techniques in the past few years has led to 
a level of reliability which, while still not as great as hot-w'ire measurements in gases, allows significant 
quantitative measurements to be made. In this symposium 12 of the experimental investigations involved 
hot-film anemometry, while three involved doppler techniques and the eight others involved various other 
techniques. A summary of the history of hot-film anemometry is included in the second session.
Other techniques developed or being developed for turbulence measurements are the electrochemical 
technique and a technique based on the transmission of ultrasonic sound across the turbulent flow. Recent 
progress in each of these areas is reported in these Proceedings.
No paper was presented in which pressure probe techniques w'ere used, an indication that despite recent 
improvements by Wells and Spangler they are not being w'idely employed.
The third session on turbulence measurements in modified fluids dealt with several important turbu­
lence problems - stratified liquids, dilute polymer solutions, and gas-liquid systems. Preliminary wrork in 
studying the mechanisms of momentum transport in modified fluids utilized hot-film techniques in all of these 
studies. Two were concerned with analysis of the transient response of the anemometor to the viscoelastic- 
character of the solution or to the gas phase present in the liquid. Two papers described efforts to measure 
turbulence in boundary layers with polymer injection into the layers. These efforts were seriously limited 
by the uncertainty of probe calibrations in regions where polymer concentration was not constant. The 
relative insensitivity of the laser doppler technique to concentration of scattering components suggests that 
it may be the solution to the problem. Hopefully many more such technology transfers will result from this 
symposium.
The fourth session on turbulent measurements also dealt with Newtonian liquids in several types of 
flows. Two papers dealt with stability measurements in rotating pipes - one rotating about the axis, the 
other rotating lengthwise about the midpoint. One study used visual techniques and the other used a hot- 
thermister probe to detect instability in the flow . These Proceedings include the abstract of a presentation 
on measurements of the concentration - velocity covariance. Unfortunately this and the stratified liquid 
paper by Pao were the only turbulent diffusion papers in the symposium, which is indicative of the low level 
of experimental work in this vital area.
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